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Since V(x) is not of simple form we cannot calcu-
late this integral exactly by other than numerical
means. However, we can find functions V„(x) and

V, (x) which are upper (u) and lower (l) bounds for
V(x) and permit exact integration of T„:.

V„(x) & V(x) & V, (x),

V, (x) =- —e'/4x,

V„(x)=- V(x. ) —V'(x. ) (x.—x)

=E- V'(x ) (x —x),

where the prime denotes differentiation. The re-
sulting upper and lower bounds for the period are,
respectively,

[(u+M )'

((1 y/g)~~2/g&~2)j

Comparison of these quantities shows that T,'", ' is a
factor of 5-10 larger than T,',". For convenience
we will take the actual value to be

(u)
Tc& 2 Tcl

This imprecision is not significant for an order-
of-magnitude estimate since T„ is only a preex-
potential factor.
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Results of recent measurements of the infrared absorption of small NaCI crystals are com-

pared with calculated absorption spectra.

The infrared absorption in the reststrahlen re-
gion of smail crystals of NaCl has recently been
measured by Martin. ' The samples used were
rectangular in shape, with two of their sides of
length 10 p, and the third one shorter. (This size
represents, however, only the average over a wide
experimental size distribution. ) The crystallites

were embedded in polyethylene and were well
separated. The spectra observed at '7 and 290 K
are shown in Fig. 1.

As noted by Martin, ' the highest-frequency (fre-
quency here measured in wave-number units) sec-
ondary minima (at about 216 cm ' for 290 'K and at
about 232 cm ' for 7 'K) are probably due to two-
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FIG. 1. Infrared transmission through small crystals
«NaC» (after Martin, Ref. 1).
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FIG. 2. Calculated extinction cross section of a NaCI
sphere of radius 4 p embedded in polyethylene.

phonon absorption. The remaining first-order
structure, i. e. , the strong main minimum with its
two shoulders at the low- and the high-frequency
sides should, in principle, be explicable in terms
of the recently developed theories of the size and
shape dependence of the optical phonon frequen-
cies. ' ' However, the application of the general
theory to rectangular crystals involves calculation-
al difficulties which are not yet overcome. There-
fore only a comparison with the calculated absorp-
tion of spherical samples can be attempted. Martin
in fact compared the experimental results with a
previously calculated spectrum of a NaC1 sphere
of diameter 20 p, in air and found no agreement.
This discrepancy is not surprising since the exper-
imental conditions (particle size and surrounding
medium) were different from those to which the
calculation ref erred.

We present here the calculated spectrum for
NaC1 spheres in polyethylene surroundings (the
dielectric constant of which is equal to 2. 3). We
have found that spheres of diameter 8 p, give the
best agreement with the experimental three-peak
structure (Fig. 2). For this calculation the fre-
quency-dependent dielectric constant

has to be given. For the low- and high-frequency
dielectri"= constants, the transverse frequency, and

the damping constant, the following experimental
values have been used'6: eo(7'K) =5. 46, eo(290'K)
= 5. 90, &„(7 K) = 2. 351, E „(290'K) = 2. 329,
err(7 'K) =175 cm ', err(290 K)=164 cm ', y=0. 02.
The method of calculation has been described in
detail in Ref. 7. The calculated quantity is the ex-
tinction cross section of one sphere rather than the
total absorption. The latter cannot be calculated
unless the number of crystallites per unit volume
is given.

The discrepancies between the calculated and the
observed absorption frequencies are 10 cm ' at
most, which is as good as can be expected, consid-
ering the different geometries involved. The three
absorption lines are identified as follows. The sec-
ondary line slightly below» is due to bulk mode
absorption, whereas the main minimum, as well
as the other secondary line, are due to surface
mode absorption. The fact that the measured sec-
ondary lines are not as sharp as the calculated ones
is probably a consequence of the wide size varia-
tion of the individual particles about the average
size.
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